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Abstract. Power quality signals are an important issue to electricity consumers. The signals will 
affect manufacturing process, malfunction of equipment and economic losses. Thus, an automated 
monitoring system is required to identify and classify the signals for diagnosis purposes. This paper 
presents the development of power quality signals classification system using time-frequency analysis 
technique which is spectrogram. From the time-frequency representation (TFR), parameters of the 
signal are estimated to identify the characteristics of the signals. The signal parameters are 
instantaneous of RMS voltage, RMS fundamental voltage, total waveform distortion, total harmonic 
distortion and total non harmonic distortion. In this paper, major power quality signals are focused 
based on IEEE Std. 1159-2009 such as swell, sag, interruption, harmonic, interharmonic, and 
transient. An automated signal classification system using spectrogram is developed to identify, 
classify as well as provide the information of the signal. 
Introduction 
The quality of power system has become an important issue to electricity users at all levels of 
usage. The ability to maintain voltage and current signals with constant amplitude and constant 
fundamental frequency presents the quality of electrical power supplied to the customers [1]. The 
power quality signals can cause failure or disoperation of equipment and economic problem. Thus, an 
real-time power quality signals detection and classification system is needed in order to provide 
adequate coverage of the entire system, understand the causes of these signals, resolve existing 
problems and predict future problems [2]. Prompt and accurate diagnosis of signals will ensure 
quality of power, reduce the risk of interruptions by reducing the time to diagnose and rectify failures 
[3].  
The proper diagnosis of power quality signals requires a high level of engineering expertise [4]. 
The diagnosis of power quality required expert knowledge in many areas of electric power such as 
transformers, power electronics, power supplies, protection, power system faults, harmonics, signal 
analysis, measuring instruments, and general power systems operation [5]. The poor power quality 
can cause reduction of the lifetime of the load, the bad working of protection devices, instabilities, 
interruptions in production and significant costs in lost production and downtime [6].  
Many techniques were presented by various researchers for classifying power quality signals. The 
most widely used is in signal processing is spectral analysis using Fourier analysis which is Fourier 
transform. The Fourier transform is powerful technique for stationary signal because the 
characteristics of the signal not change with time but it not useful for non stationary signal because is 
inadequate to track the changes in the magnitude, frequency or phase [7]. The time-frequency 
representation is introduced for overcome the limitation of this technique. There are numerous of time 
frequency distributions technique which is wavelet transform, short time Fourier transform (STFT), 
Gabor transform, S-transform, and spectrogram [7,8]. However, this paper focuses on time a 
frequency analysis technique which is spectrogram to identify the signals in time frequency domain. 
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 In this paper, spectrogram technique is implemented for power quality signals classification 
system. The power quality signals are analyzed by representing in time frequency representation 
(TFR). From TFR, parameters of the power quality signals are estimated such as RMS and 
fundamental value, total harmonic distortion (THD), total nonharmonic distortion (TnHD) and total 
waveform distortion (TWD) for voltage and current. Then, the signal parameters are used for 
classification of power quality signals such as sag, swell, interruption, harmonic, interharmonic and 
transient. The general system design based on IEEE Std. 1159-2009 as shown in flow chart in Fig.1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Flow chart of the general system design. 
Signal Model 
In this paper, power quality signals are divided into three categories which are voltage variation, 
waveform distortion and transient signal [9]. Voltage variation consists of swell, sag and interruption 
while waveform distortion consists of harmonic and interharmonic. Based on IEEE Std. 1159-2009, 
the signal models of the categories are formed as a complex exponential signal and can be defined as:  
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where zvv(t), represents voltage variation, zwd(t) represents waveform distortion and ztrans(t) represents 
transient signal. k is the signal component sequence, Ak is the signal component amplitude, f1 and f2 
are the signal frequency, t is  the time while (t) is a box function of the signal. In this analysis, f1, t0 
and t3 are set at 50 Hz, 0 ms and 200 ms, respectively. 
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 Time-Frequency Analysis Technique 
Spectrogram is one of linear time-frequency distributions (TFD) that represents the signal in time 
and frequency domain. The analysis technique is improvement of FFT to cater non-stationary signals 
whose spectral characteristics change in time.  It is the result of calculating the frequency spectrum of 
windowed frames of a compound signal [10]. This technique can be defined as: 
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where x(t) is the input signal and w(t) is the observation window. 
Signals Classification 
Rule-based classifier is a deterministic classification method which is simple and easy to be 
implemented. Since the signal characteristics provide good prior knowledge of the power quality 
signals, the rule-based is suitable to be used for signal classification as discussed in [11]. Flow chart in 
Fig.2 describes a rule based classifier of the power quality signals based on the signal characteristics. 
The threshold settings are set based on IEEE std. 1159-2009. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2: Flow chart of the rule based classifier. 
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 System Development 
The power quality signals classifiction system consists of three major parts which are input, 
interfacing and computer as shown in Fig.3. In this system, voltage and current transducers that are 
used as input can measure power line voltage and current up to 500 V and 100 A, respectively. The 
transducers are connected to data acquisition card (DAQ) for interfacing with computer. 
 
Fig. 3: System development 
 
DAQ involves the conversion of analog waveforms into digital values and transfers the data to 
computer. In this system, NI USB 6009 used gives better accuracy, flexible, maximized performance 
and cost-effective measurement solution. It provides connection to eight single-ended analog input 
(AI) channels, two analog output (AO) channels, 12 digital input/output (DIO) channels, and a 32-bit 
counter with a full-speed USB interface.  
On computer, a user-friendly graphical user interface (GUI) is developed using Visual Basic to 
analyze the captured signals from DAQ and then displays and record the signal parameters. Visual 
Basic is a programming system that offers an exciting experience with a new integrated development 
environment. It is a tool used to design and create graphical user interface (GUI) applications for the 
Microsoft Windows of operating systems. The interface of Visual Basic is well organized, optimized 
for fast functionality and its simplicity is an advantage for programmers. 
Results 
The development graphical user interface (GUI) of the power quality signals classification system 
is shown Fig.4. The system is capable of measuring all standard power line measurements such as 
voltage and current in RMS value, frequency, real power, reactive power, apparent power and power 
factor which are also plotted in graph. In addition, the system can detect and classify all the power 
quality signals such as swell, sag, interruption, harmonic, interharmonic and transient as well as 
provides the characteristics information of the signals which are the duration and percentage drop. 
Then, all the measurements can be collected and recorded into computer automatically. 
Based on time frequency analysis technique which is spectrogram, the parameters of power quality 
signals are obtained as shown in Fig.5. The system provides the characteristics information of the 
signals and then used as input for signal classification of power quality signals. Fig.5(a) shows a swell 
signal in time domain while its power spectrum is shown in Fig.5(b). As shown in the power 
spectrum, the signal consists of fundamental frequency which is 50 Hz and the magnitude of the 
signal is increases from 1.0 to 1.4 pu from 20 to 80ms as shown in Fig.5(c). The value of THD, TnHD 
and TWD is zero since the signal only occurs at fundamental frequency as illustrated in Fig.5(d). The 
type, duration and percentage drop of the signal are also provided in the system as represent in 
Fig.5(e) to give clear understanding of the signal. 
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Fig.4: Power quality measurement and classification 
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Fig. 5 (a) Swell Signal in time domain, (b) Frequency component, 
(c) RMS voltage and RMS fundamental voltage, (d) THD, TnHD and TWD, (e) System classification 
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 Conclusion 
This paper presents the analysis, detection and classification system of power quality signals by 
using spectrogram. Parameters of the signal are estimated from TFR then will be used to calculate 
signal characteristics that can be used as an input for classification of power quality signals. The 
system can classify major types of power quality signals such as sag, swell, interruption, transient, 
harmonic and interharmonic. An automated signal classification system using spectrogram is 
successfully developed to identify, classify as well as provide the information of the signal. Besides 
that, the system is able to show the signal including the standard power line measurements, its power 
spectrum and signal parameters that also can be stored in computer, automatically.  
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